The diastereoselective synthesis of the C-2 epimer and the C-1, C-2 di-epimers of the putative structure of the alkaloid uniflorine A has been achieved. The synthesis of the latter di-epimers employed a novel pyrrolo[1,2-c]oxazin-1-one precursor to allow for the reversal of π-facial diastereoselectivity in an osmium(VIII)-catalyzed syn-dihydroxylation (DH) reaction. The NMR spectral data of these epimeric compounds and that of related isomers did not match that of the natural product. From a comparison of the NMR data of uniflorines A and B with that of casuarine and the known synthetic 1,2,6,7-tetrahydroxy-3-hydroxymethylpyrrolizidine isomers we concluded unequivocally that uniflorine B is the known alkaloid casuarine. Although we cannot unequivocally prove the structure of uniflorine A, without access to the original material and data, the published data suggest that the natural product is also a 1,2,6,7-tetrahydroxy-3-hydroxymethylpyrrolizidine with the same relative C-7-C-7a-C-1-C-2-C-3 stereochemistry as casuarine. We thus suggest that uniflorine A is 6-epi-casuarine. 
Introduction
The alkaloid uniflorine A was isolated in 2000 from the leaves of the tree Eugenia uniflora L. [1] [2] [3] The watersoluble extract of these leaves has been used as an antidiabetic agent in Paraguayan traditional medicine.
Uniflorine A was found to be an inhibitor of the -glucosidases, rat intestinal maltase and sucrase, with
IC 50 values of 12 and 3.1 M, respectively. The structure of uniflorine A was deduced from NMR analysis to be that shown as structure 1.
1
The proposed structure of uniflorine A is similar to that of castanospermine 2, except for the stereochemistry at C-1 and the extra hydroxyl substitution at C-2. As part of our program concerned with the synthesis of polyhydroxylated indolizidine and pyrrolizidine alkaloids [4] [5] [6] [7] [8] [9] [10] [11] we reported an efficient 9-step synthesis of purported uniflorine A from Lxylose. 10 The structure of our synthetic 1 was unequivocally established by a single-crystal X-ray crystallographic study of its pentaacetate derivative. 10 The 1 H and 13 C NMR data for synthetic 1, however did not match with those reported for uniflorine A; the latter showed many more downfield peaks in the 1 H NMR, perhaps consistent with the amine salt. The 1 H NMR of the hydrochloride salt of synthetic 1 however, did not match the literature spectral data either. We therefore concluded that the structure assigned to uniflorine A was not correct. 10 We also indicated that the coupling constant J 1,8a of 4.5 Hz for uniflorine A, was more consistent with the relative syn-H-8a, H-1 stereochemistry, suggesting that uniflorine A, if it was an indolizidine alkaloid, had the same H-1 stereochemistry as castanospermine 2.
In 2006, Dhavale 12 also reported the synthesis of compound 1, their sample had NMR data identical to ours. This paper also reported the synthesis of 1,2,8a-tri-epi-1 and 8a-epi-1, these compounds also had NMR spectral data significantly different to that of uniflorine A. In 2005 Mariano 
Results and Discussion

Synthesis of 2-epi-1
The amino-tetraol 3, obtained from the boronic acid-Mannich reaction (Petasis reaction) 10 of L-xylose, allylamine and (E)-styrene boronic acid, was converted in three steps to the 2,5-dihydropyrrole 4, the precursor we used earlier in our synthesis of 1 (Scheme 1). 10 The triol 4 was readily converted to its tri-O-benzyl derivative 5 in 56% yield under standard conditions. 15 The relatively low yield for this step was in part due to the competitive formation of the corresponding O-dibenzyl-oxazolidin-2-one 20 (Scheme 3) (3%) and oxazin-2-one 21 (Scheme 3) (9%). Osmium(VIII)-catalysed syn-dihydroxylation (DH) of 5 furnished the diol 6 as a single diastereomer in 75% yield. The stereochemical outcome of this DH reaction was expected due to the stereodirecting effect of the C-2 pyrrolidine substituent in 5. 4, 5, 10 The diol 6 was then converted directly to the cyclic sulfate 7 using sulfuryl chloride under basic conditions (SO 2 Cl 2 , Et 3 N). 16 This method was more efficient than the two step method involving first formation of the corresponding cyclic sulfite (SOCl 2 , Et 3 N) followed by oxidation with catalytic ruthenium tetraoxide (RuCl 2 , NaIO 4 ). 8, 16 The cyclic sulfate 7 was found to be sensitive to purification on silica gel and was thus taken through the next step without purification. Treatment of 7 with cesium benzoate in DMSO at 40 o C for 19 h followed by acid hydrolysis of the resulting adduct gave the benzoate 8 in 54% yield from the diol 6. 8, 16 The benzoate 8 resulted from the regioselective nucleophilic ring opening of the cyclic sulfate 7 at the less hindered C-4 pyrrolidine position giving rise to inversion of stereochemistry at C-4. This reaction also produced a small amount (7%) of the corresponding O-trityl deprotected analogue of 8 (see Experimental section for details), formed under the acidic hydrolysis conditions. The benzoate group of 8 was removed by methanolysis to give the diol 9. Selective liberation of the secondary amino and primary hydroxyl groups of 9 was achieved by exposure of 9 to TFA in the presence of anisole, as a cation scavenger, at rt. 17 This reaction gave a mixture of the desired amino-alcohol 10 (66%) and the indolizidine 11 (8%) (Scheme 1). We observed the formation of related products to 10 and 11 from the TFA/anisole deprotection reaction on 1,2-Odibenzyl-2-epi-9 during our synthesis of 1.
10
The amino-alcohol 10 underwent cyclization under Mitsunobu reaction conditions in THF/pyridine as solvent to give the same indolizidine 11 in a modest yield of 25%. 6, 18 The use of the Apple cyclization reaction conditions (Ph 3 P/CBr 4 /Et 3 N), 19 that worked well for the cyclization of 1,2-O-dibenzyl-2-epi-9, gave a complex mixture of products. Only the Mitsunobu reaction using pyridine as the solvent gave the desired product. Parsons has performed semi-empirical calculations (6-31G*) on 12 which suggested that the HOMO of 12 is not symmetric about the alkene moiety but has more electron density on the endo face of the molecule. 23 This may be the major reason for the high endo-selectivity of reactions on
12.
Whatever the reasons for the -facial selectivity of 12, this compound and its substituted derivatives have been successfully used by our group, [6] [7] [8] [9] 21 and that of Parsons, 23, 24 to diastereoselectively prepare polyhydroxylated indolizidine and pyrrolizidine alkaloids and their epimers. When planning our synthesis of 1,2-di-epi-1 we were interested in employing a pyrrolo[1,2-c]oxazin-1-one similar to 14 as a precursor and examining the diastereoselectivity of its DH reactions (Scheme 2). To the best of our knowledge such substrates have not been employed in natural product synthesis. 
Scheme 2
With the aim of preparing specifically the pyrrolo[1,2-c]oxazin-1-one 21 (Scheme 3), and using this compound as a precursor for the synthesis of 1,2-di-epi-1, the amino-tetraol 3 was converted to its NTroc derivative 16 (75% yield) using trichloroethyl succinimidyl carbonate (Troc-OSu). 25 The primary alcohol of 16 was then regioselectively protected as its O-trityl compound 17 (75% yield) (Scheme 3). 9.0 9.0 9.1 9.9 9.0 J 7, 8 7.7 9.0 9.1 9.5 9.0 J 8,8a 7.7 9.0 10.2 9.5 9.0
Uniflorine A was originally isolated along with uniflorine B which was assigned the structure 27 ( Figure 3 ). 1 Our analysis of the NMR spectral data for this compound and its optical rotation indicated that uniflorine B is the known 1,2,6,7-tetrahydroxy-3-hydroxmethylpyrrolizidine alkaloid casurine 28.
27
Fleet has also noticed this structural misassignment. Table 2 ). Could not be determined due to peak overlap. Original assignment based on an indolizidine structure.
c
Both signals were assigned as C-3 in the original paper. Table 3 by analogy with the known chemical shifts, coupling constants and assignments for casurine 28. 27 A comparison of this reassigned NMR data for uniflorine A with that of casuarine 28 and its known synthetic diastereomers, 7-epi-28 30 and 6,7-di-epi-28 30, 31 ( Figure 3 ) indicated that these three compounds were clearly different. However, their 1 H NMR spectral data showed a much better correlation than that between the reported data for uniflorine A and the epimerc 1,2,6,7,8-pentahydroxyindolizidines shown in Table 1 . This NMR reassignment required the numbering of uniflorine A to be transposed to that shown on the pyrrolizidine structure B in Figure 4 . Unlike uniflorine B, this transposition retains the same sequential order of the C-atoms. Original assignments based on an indolizidine structure. A comparison of the coupling constants for the protons in casuarine 28, 6,7-di-epi-28 and 7-epi-28 with those observed for uniflorine A, revealed a strong correlation between several nuclei (Table 4) .
Specifically, the originally assigned J 8,8a value for uniflorine A was consistent with the J 1,7a values of 28, 7-epi-28 and 6,7-di-epi-28. Similarly, the originally assigned J 7,8 value of uniflorine A was consistent with the J 1,2 values of 28, 7-epi-28 and 6,7-di-epi-28, while the originally assigned J 6,7 value of uniflorine A was also consistent with the J 2,3 values of 28, 7-epi-28 and 6,7-di-epi-28. These high Could not be determined due to peak overlap. Original assignments based on an indolizidine structure. 
Conclusions
In conclusion we have successfully developed a diastereoselective synthesis of the C-2 (2-epi-1) and C-1, C-2 (1,2-di-epi-1) epimers of the putative structure of the alkaloid uniflorine A. The synthesis of the latter epimer employed a novel pyrrolo[1,2-c]oxazin-1-one (21) to allow for the reversal of -facial diastereoselectivity in an osmium(VIII)-catalysed syn-DH reaction. The NMR spectral data of these compounds and that of 1 and 2-epi-1 did not match that of the natural product. From a comparison of the NMR data of uniflorine A and uniflorine B with that of casuarine 28 and its synthetic epimers we have concluded unequivocally that uniflorine B is the known alkaloid casuarine (28). Although we can not unequivocally prove the structure of uniflorine A, without access to the original material and data, the published data suggest that the natural product is also a 1,2,6,7-tetrahydroxy-3-hydroxymethylpyrrolizidine with the same relative C-7-C-7a-C-1-C-2-C-3 as casuarine 28. We suggest that uniflorine A is 6-epi-casuarine (29) . This structure is also consistent with the published NOE and our re-referenced 13 C NMR data. 
Experimental
General methods were as described previously. 5, 6 All 1 H NMR spectra were performed at 500 MHz and 2R,3S,4R)-3,4-dihydroxy-2-[(1R,2S,3S)-1,2,3-tris(benzyloxy)-4 
tert-Butyl (3aS,4S,6aR)-4-[(1R,2S,3S)-1,2,3-tris(benzyloxy)-4-triphenylmethyloxybutyl] tetrahydro-5H-[1,3,2]dioxathiolo[4,5-c]pyrrole-5-carboxylate 2,2-dioxide (7).
To a solution of 6 (301 mg, 0.361 mmol) in CH 2 Cl 2 (3 mL) was added Et 3 N (0.755 mL, 5. 
tert-Butyl (2R 3S,4S)-3,4-dihydroxy-2-[(1R,2S,3S)-1,2,3-tris(benzyloxy)-4-triphenylmethyloxybutyl]pyrrolidine-1-carboxylate (9).
To a solution of 8 (34.9 mg, 0.037 mmol) in MeOH (1 mL) was added K 2 CO 3 (0.010 g, 0.075 mmol).
After stirring at rt for 1 d, the mixture was evaporated and dissolved in CHCl 3 then washed with water.
The aqueous layer was extracted with CHCl 3 and the combined CHCl 3 extracts were washed with brine, dried (MgSO 4 ) and evaporated. The residue was purified by PTLC (30% EtOAc/petrol) to give 9 as a colourless oil (13.5 mg, 44% 3S,4R)-4-[(2R,3S,4S)-3,4-Dihydroxypyrrolidin-2-yl]-2,3,4-tribenzyloxybutan-1-ol (10) and   (1S,2S,6S,7R,8R,8aR)-1,2-Dihydroxy-6,7,8-tribenyloxyoctahydroindolizine (11) .
To a solution of 9 (237 mg, 0.284 mmol) in anhydrous CH 2 Cl 2 (2.8 mL) was added anisole (0.289 mL, 2.841 mmol) and TFA (2.19 mL, 28.41 mmol). The mixture was stirred under an atmosphere of N 2 at rt for 20 h, followed by the evaporation of all volatiles in vacuo. The residue was dissolved in CH 2 Cl 2 (5 mL) and washed with saturated Na 2 CO 3 solution (10 mL). The aqueous layer was extracted with CH 2 Cl 2 (3 x 10 mL). The combined CH 2 Cl 2 layers were dried (Na 2 CO 3 ) and evaporated to give a brown oil which was purified by flash column chromatography (50-100% EtOAc/petrol and 15% MeOH/EtOAc) to give 11 as a pale yellow solid (11 mg, 8%) Hz, H-1), 3.24 (dd, 1H, J 5.7, 9.6 Hz, H-1). C before the addition of NaH (7.3 g, 78.98 mmol, 30% dispersion in mineral oil). The mixture was then warmed to rt and stirred for 1 h before the addition of MeOH (2 mL). After stirring for 10 min, the mixture was filtered through celite followed by the washing of the solids with CH To a solution of 24 (30 mg, 49 .18 mol) in MeOH (1 mL) was added NaOH (20 mg, 0.5 mmol) and H 2 O (0.5 mL) in a 10 mL sealed microwave reactor tube. The mixture was stirred and irradiated with microwaves in a CEM microwave reactor for 1 h at 110 ºC using a maximum applied power of 500 W.
After cooling, the mixture was poured into water and the product was extracted with EtOAc (2  5 mL). The combined EtOAc extracts were washed with brine, dried (Na 2 SO 4 ) and evaporated. 
